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Abstract
Classifying the information content of neural spike trains in a linguis-
tic endeavor, an uncertainty relation emerges between the bit size of a
word and its duration. This uncertainty is associated with the task of
synchronizing the spike trains of different duration representing different
words. The uncertainty involves peculiar quantum features, so that word
comparison amounts to measurement-based-quantum computation. Such
a quantum behavior explains the onset and decay of the memory win-
dow connecting successive pieces of a linguistic text. The behavior here
discussed is applicable to other reported evidences of quantum effects in
human linguistic processes, so far lacking a plausible framework, since
either no efforts to assign an appropriate quantum constant had been as-
sociated or speculating on microscopic processes dependent on Planck’s
constant resulted in unrealistic decoherence times.
1 Introduction
In cognitive science, we distinguish two moments of cognition[1], namely,
(A)- perception, whereby a coherent organization emerges from the recruit-
ment of neuronal groups, by the joint action of bottom-up sensorial stimuli and
top-down perturbations arising from the long term memory[2]; the joint action is
adequately interpreted as a Bayes inference[3][4][5]; perception needs an amount
of time less than 1 sec[6]; being a classical operation, it can be implemented by
a standard computer , yielding the so-called expert systems;
and
(B)-judgment, that entails the comparison of two perceptions acquired at
different times, and put into interaction via the short term memory. The judg-
ment is the decision emerging from this comparison of two successive percep-
tions. This occurs already in experiments on animal orientation as mice in a
maze[7]. In experiments on human subjects, the sequential flashed presentations
of bistable figures entails a temporary influence of the previous one upon the
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next; the duration of such influence is measured via a suitable K-test that yields
a relevant temporal window of 2-3 sec[8]. In the human case, language coding
introduces an innovation in the comparison of successive pieces coded in the
same language (literary, or musical or figurative). As a fact, exploring human
subjects with sequences of simple word, we find evidence of a limited time win-
dow around 3 sec[9][10], corresponding to the memory retrieval of a linguistic
item in order to match it with the next one in a text flow. Thus, upgrading
from an elementary bistable code[8] to sophisticated linguistic sequences, the
available time window for (B) remains about the same. Since (B) lasts around
3 seconds, the semantic value of the pieces under comparison must be decided
within this time. This implies a fast search of the memory contents scanning
all possible meanings[11] of the words in the two pieces under comparison, in
order to match each-other. Speed up in a search task requires replacement of a
classical algorithm with a quantum algorithm[12][13].
Thus, judgment of a linguistic sequence is the interpretation of a piece based
upon the meanings of the next piece. Scanning all possible meanings of each
piece entails a fast search process that requires a quantum search. In such a
case, a Bayes inference would not be appropriate, since the manifold of possible
meanings of the previous piece has to be investigated, rather than relying on
a built-in likelihood as in perception. This investigation has to be completed
within 3 sec; otherwise, the sequence must be repeated; whence the advantage of
a quantum search to speed up the search process. At the end of the comparison
task, a decision center (called GWS=global workspace) picks up the information
of the largest synchronized group and – based upon it- elicits a decision[14][15].
In this paper, we show how the comparison of two words, suitably coded as
neural events, yields novel quantum features lasting long enough to affect the
decision process.
2 The physics of a linguistic task: relevant as-
sumptions
i)Temporal trains of identical spikes of unit area positioned at unequal times
represents a sound model for the electrical activity of a cortical neuron[16].
The spikes have a duration 1 msec, with a minimal separation of τ = 3 msec
(bin). The corresponding neuronal signal is a binary sequence of 0’s and 1’s,
depending on whether a given bin is empty or filled by a spike. Each cortical
neuron has two ways to modify its spike occurrence, namely, either coupling to
other cortical neurons or receiving signals from extra-cortical regions. Thus, a
meaningful linguistic piece is coded by a train of neural spikes
ii) Spike synchronization, i.e. temporal coincidence of 0’s and 1’s, is consid-
ered as the way cortical neurons organize in a collective state[16][17][18][19]. In
the perceptual case (A), a relevant conjecture, called “feature binding”[17][19],
provides a sound guess on how the spike trains in distant neuronal areas get
synchronized.
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Figure 1: Word meaning assignment resulting from synchronization. Ref.[1]
introduced the inverse Bayes inference by dealing with probabilities P, whereas
this paper considers quantum states with probability amplitudes
iii) Any linguistic item consists of successive pieces (groups of words in liter-
ary language; groups of measures in music; small areas of a painting scanned by
sequential fixations) to be compared. Precisely, a short term memory mechanism
recalls the previous piece and compares it with the next one. This comparison
consists of a synchronization process between the trains. If a word has N differ-
ent meanings in our private memory, the most appropriate meaning is the one
that has the largest synchronization with the next piece
iv) In virtue of the theta-gamma modulation of the EEG, the spike train
coding the first word is interrupted from a duration T to a duration ∆T < T .
To perform the synchronization, it must be lengthened by T −∆T and this can
occur in N = 2(T−∆T ) ways by filling the T − ∆T interval with N different
sequences of 0 and 1. Thus the first word is coded as a cluster state |E >
made of N different sequences. We make here a bold conjecture, that the state
|E > is entangled, namely, that the N component states have quantum-like
correlations.
If e.g. ∆T = T − 1, then the synchronization task of |T > with |∆T >
amounts to comparing |T > with the entangled state |E >= 1/√(2)(|∆T, 0 >
+|∆T, 1 >), without further treatment, the most synchronized state will be
identical to the second world. If however the N states are each weighted dif-
ferently by a semantic operator that we call e (e stays for emotion), then the
most synchronized word emerging is the joint result of e and of the code of the
second world
3
Figure 2: Two spike trains of duration T , synchronized up to ∆T . The number
of different realizations is 2(T−∆T )
3 Uncertainty relations associated with synchro-
nization processes
Let us define a processing time T as the time it takes for the brain to build up a
complete decision like naming a picture or reading a word aloud. It corresponds
to the reaction time for visual lexical decisions or word naming, it occurs , in a
range from 300 to 700 ms[6].Then, the total number of binary words that can
be processed is PM = 2
T/τ . If e.g. T=300 msec, it follows PM≈1033
Considering the synchronization task between spike trains, we show that in-
terruption of a spike train introduces a joint uncertainty in the word information
and spike duration. Let us investigate what brain mechanisms rule the duration
time. The threshold for spike onset is modulated by a EEG gamma frequency
oscillation around 50 Hz; spike threshold being lowest close to the maxima of the
gamma wave. Phase coherence of the gamma wave over distant brain regions
permits spike synchronization overcoming delays due to the finite propagation
speed in the neural axons[20] [21]. Furthermore, a lower frequency EEG oscilla-
tion (theta band , around 7 Hz) controls the number of gamma maxima within
a processing interval. The theta-gamma cross-modulation corresponds to stop-
ping the neural sequence at ∆T ≤ T [22][7]. As a result, all spike trains equal
up to ∆T, but different by at least one spike in the interval T − ∆T , provide
an uncertainty cloud ∆P such that [23][24]
∆P = 2(T−∆T )/τ = PM2−∆T/τ (1)
Thus we have a peculiar uncertainty of exponential type between spike in-
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formation P and duration T, that is,
∆P · 2∆T/τ = PM (2)
The whole T train is a vector of a 2T dimensional Hilbert space; synchro-
nization of two different T trains amounts to counting the number of 0 and 1
coincidences.
Since synchronization entails equal lengths of the trains under comparison,
a ∆T pulse acquires a length T by being entangled with all possible sequences
of 0’s and 1’s that can be contained in the complementary interval T − ∆T .
For sake of providing an example, let us take T = 10, ∆T = 9; the following
synchronization values result: S1 = (9 + 1)/10 = 1; S2 = (9 + 0)/10 = 0.9
Define a fractional bit number u = P/PM ; then the fractional uncertainty
∆u = ∆P/PM is related to the gated time ∆T by
∆u · 2∆T/τ = 1 (3)
The two conjugated quantities (i.e., fractional bit number u and duration of
the gated spike train) are coupled by an exponential type uncertainty relation.
By a change of variable
y = τ2t/τ (4)
where now y has time dimensions , we arrive to a product type uncertainty
relation
∆u∆y = τ (5)
Thus, in the space (u,y) we have a Heisenberg-like uncertainty relation.
Historically, standard quantum physics emerged from the Newtonian dynam-
ics of a single particle. Referring for simplicity to 1-dimension, the uncertainties
of position x and momentum p obey the Heisenberg relation
∆x∆p ≥ ~/2 (6)
All quantum facts can be derived as a consequence of Eq.(6). Indeed, comparison
with the Fourier condition ∆x∆k ≥ 1/2 suggests the De Broglie relation
k = p/~ (7)
whence the single particle interference, which contains the only quantum mystery[25].
Going back to the quantization of interrupted spike trains, the associated
quantum constant C can be assigned in joules x sec, once we explicit the energy
per spike. This energy corresponds to the opening along the axon of about
107 ionic channels[26] each one entailing an ATP →ADP+P chemical reaction
yielding 0.3 eV, thus the minimal energy disturbance in neural spike dynamics is
3·10−13J , that is, around 108kBTr , (where kB is the Boltzmann constant and Tr
is the room temperature ). Since τ = 3 msec , it results C ≈ 10−15Js ≈ 1019~
However, due to the structure of Eq.(2), the uncertainty holds over a finite
range, between two extremes, namely (measuring times in τ units)
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i) ∆Tmin = 1, yielding ∆Pmax = PM/2
and
ii) ∆Tmax = T , yielding ∆Pmin = 1
Following the standard procedure of a quantum approach, we expect single
particle interference and two particle entanglement in such a space.
Once a quantum state has been prepared, it lasts over a decoherence time.
For ∆P = 1 (minimal disturbance represented by 1 spike) we have the
decoherence time
∆yd = PMτ (8)
Using the numbers already reported above, the decoherence time scales as
log2 PM = 100 · (bins), and going from bins to sec:
τd = decoherence time = 0.3sec
very far from the value τd = ~/kBTr ≈ 10−14 evaluated for single Newtonian
particles disturbed by the thermal energy kBTr[27][28].
Notice that the resulting decoherence time is equal to the full processing time
T = 300msec chosen as an example. If we consider a different full processing
time, the decoherence time changes accordingly.
The equivalent of the De Broglie wave results as follows. Comparing Eq.(6)
with the Fourier relation ∆ω∆t ≥ 1, we introduce a wave-like assumption
ω =
1
τ
P
PM
=
u
τ
(9)
If N is the total spike number over time T and N ′ the spike number in the
interrupted interval ∆T then
u =
P
PM
=
2N
′
2N
= 2−(N−N
′
= 2−(T−∆T )/τ (10)
4 Self interference in synchronization processes
The equivalent of the two slit self interference of a single particle would be the
comparison of a single spike train of P bits with a delayed version of itself. A
laboratory implementation would be to have the spike train translated in time
and superposed to the original train. As one changes the time separation ∆t of
the two trains, the spike synchronization (number of coincidences of 1’s) decays
as soon as ∆t > τ from N (number of 1’s in the spike train) to
√
(N) (random
overlaps). However, further increasing the time separation, self interference
entails a revival of the synchronization depending on the Fourier periodicity
(Eq.9), that is, for
∆t = τ
PM
P
= τ2(T−∆T )/τ = τ2x (11)
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where we call x = (T − ∆T )/τ the normalized time lapse between the whole
train and the interrupted version. Thus -in order to have revivals- the time
translation y = ∆t/τ must be larger than the time lapse x.
Comparing two interrupted sequences with lapses respectively x and x’, we
generate two interferential returns corresponding respectively to x and x’ and
thus separated by (x’-x).
The wave character , that in conventional quantum mechanics is associated
with k = p/h, here is due to the duration of the sequence to be synchronized
with the initial reference of duration T . Thus it seems bound to the theta
–gamma cross modulation.
In Fig.3 we present the proposal for the time equivalent of the standard
two slit interference. Let us consider sequential presentations of the flashed
Necker cube(fig.3a) [30]. Each presentation lasts 10ms and it is repeated each 1
sec. No switch from #1 to #2 (that correspond to “1≡ face up” and “2≡ face
down”, respectively), is reported. Repeating the presentation for many observer
subjects , it has been established that the threshold time for face discrimination
is about ∆τu-d ∼= 200 ms ,
Thus, if we flash the Necker cube for a time δt 200 ms and then repeat the
flash after a time ∆t 200 ms, then we should observe specific time positions
where it appears ALWAYS the face UP (or DOWN), whereas elsewhere we
register alternations UP-DOWN with 50% average alternation, as illustrated in
fig.3c).
5 Quantized synchronization in a linguistic task
Let us now apply the above formalism to a linguistic task
As said above, a linguistic task consists of the comparison of two words, one
corresponding to the last presentation, and the previous one recovered by the
short memory within 2-3 sec.
The words are coded as trains of neuronal spikes. Performance of the lin-
guistic task amounts to synchronization of the two word trains. Take T as the
time duration of the second word. The previous one is interrupted at ∆T < T
by the theta-gamma cross modulation. From what said above such a word spans
a region of a functional space, that can be taken as a finite-dimensional Hilbert
space.
The total spike train belongs to a Hilbert space of 2T dimensions. It is
represented by the ket |T >. The spike train interrupted after a duration ∆T
provides a set of states living in the same 2T -dimensional Hilbert space if it
is entangled with all possible realizations of 1s and 0s in the complementary
interval T−∆T . For sake of reasoning, let us consider the minimal interruption,
that is ∆T = T − 1
In fact, the synchronization task of |T > with |∆T > amounts to comparing
|T > with the entangled state
|E >= 1/
√
2(|∆T, 0 > +|∆T, 1 >) (12)
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Figure 3: Quantum interference in the flashed presentation of a bistable figure:
a) the Necker cube; b) flashed presentations of cube (over time δt) separated
by time ∆T ; c) consistent visualization of UP (DOWN) face at times ∆TUP
(∆TDOWN )
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and then performing a measurement based quantum computation[29][30].
In general, T −∆T = N , hence synchronization amounts to measuring over
a cluster of 2N entangled states, that is, comparing the whole train of duration
T with 2N different interrupted versions of it each one displaying differences
from the original T train and hence defeating full synchronization.
Thus, we model a word recognition process as the comparison between a
reference word living in a finite dimension Hilbert space of 2T dimensions, and
a tentative word retrieved via the short term memory and interrupted to ∆T
by the theta-gamma EEG cross modulation.
If we compare with the general approach of measurement-based quantum
computation , there, once a cluster (h) has been prepared, its component states
must be coupled by same interaction. As a fact, the theta-gamma modulation
creates the cluster (h) of entangled states; but the successive synchronization S
selects state |d > and thus it would be an irrelevant operation. We postulate
that the –before S is applied- the entangled states are coupled by emotional
operators (e)[31][32]
Thus our quantum language guess consists of the following sequence:
1.the interruption ∆T yields 2(T−∆T ) entangled states |h >;
2..each one of these states is modified by the emotional coupling ( e):
e|h >→ |h∗ >
3. the synchronization S selects the state |h∗ > that best synchronizes to
|d >
Without #2, the choice of |h > due to |d > would be a trivial operation.
As discussed above, quantizing the spike train implies a time interruption.
As a fact, spikes occur at average rates corresponding to the EEG gamma band
(around 50 Hz). However, superposed to the gamma band, there is a low fre-
quency background (theta band, around 7 Hz), that controls the number of
gamma band bursts[13]. For instance, gamma power in the hippocampus is
modulated by the phase of theta oscillations during working memory retention,
and the strength of this cross-frequency coupling predicts individual working
memory performance[7].
We here hypothesize that emotional effects raised by the first piece of a lin-
guistic text induce a theta band interruption of the gamma band bursts, thus
introducing a quantum feature that speeds up the exploration of the semantic
space in search of the meanings that best mutually match. In this behavior,
emotions do not have an esthetic value “per se”, as instead maintained by
neuro-esthetic approaches[33], but rather they introduce the quantum feature
necessary to provide a fast scanning of all possible meanings within a decoher-
ence time, that results to be around 3 sec. Hence the final decision does not
depend on the emotions raised by the single word but it is the result of the
comparison of two successive pieces of a linguistic sequence.
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Figure 4: The procedure conjectured in linguistic endeavors- A previous piece
of a text (h) is retrieved by the short term memory, modified by emotions (e
)into (h?) and compared via synchronization (S) with the next piece (d). The
most adequate fit P (d|h) emerges as a result of the comparison (judgment and
consequent decision)[inverse Bayes procedure].
6 Main features of the physics of a linguistic en-
deavour
To conclude, we stress the revolution brought about by the linguistic processes in
human cognitive endeavors, namely, a new type of quantum behavior has to be
considered; the interrupted spike synchronization is a peculiar physical process
that cannot be grasped in terms of Newtonian position-momentum variables;
hence, the quantum constant for spike train position-duration uncertainty has
nothing to do with Planck’s constant;
The minimal energy disturbance which rules the decoherence time is by no
means kBTR (TR being the room temperature); rather, since it corresponds to
∆P = 1, it entails the minimal energy necessary to add or destroy a cortical
spike. This energy corresponds to the opening along the axon of about 107 ionic
channels each one requiring an ATP →ADP+P chemical reaction involving 0.3
eV, thus the minimal energy disturbance in neural spike dynamics is around
108 kBTR. This is the evolutionary advantage of a brain, that is, to live com-
fortably at TR and yet be barely disturbed, as it were cooled at 10−8 the room
temperature.
The procedure here described for connecting two successive pieces of a lin-
guistic text is applicable to other reported evidences of quantum effects in hu-
man cognitive processes, so far lacking a plausible framework since no efforts
to assign a quantum constant have been associated. Models of quantum be-
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havior in language and decision taking have already been considered by several
Authors but without a dynamical basis, starting 1995[34][35] and over the past
decade[36]. Most references are collected in a recent book[37]. The speculations
introduced to justify a quantum speed up can be grouped in two categories ,
depending on how they do not fulfill the requirements of a rigorous quantum
approach, that is, i) either they lack a dynamical basis and thus do not discuss
limitations due to a quantum constant, hence, they do not inquire for a decoher-
ence time terminating the quantum operation or ii) they refer to the quantum
behavior of Newtonian particles[38][39]and hence are limited by a decoherence
time estimated around 10−14 sec, well below the infra-sec scale of the cognitive
processes.
To summarize the above considerations, a quantum behavior entails pairs
of incompatible observables, whose measurement uncertainties are bound by a
quantum constant. One cannot apply a quantum formalism without having
specified the quantum constant ruling the formalism. Our approach provides
evidence of a new quantum behavior associated with the synchronization of
time limited sequences of spikes; the emerging decoherence time is compatible
with the observed processing times in linguistic endeavors. On the contrary,
all previously reported approaches either overlook the need for a quantization
constant , or they quantize Newtonian particles by using Planck constant and
consequently arrive to very short decoherence times, incompatible with human
linguistic processes. We have seen that, while in the perceptual case, the cogni-
tive action combines a bottom-up signal provided by the sensorial organs with a
top-down interpretation provided by long term memories stored in extra-cortical
areas, in the linguistic case, the comparison occurs between the code of the sec-
ond piece and the code of the previous one retrieved by the short term memory.
In this second case , theta –gamma cross modulation introduces a quantum
uncertainty, hence an entanglement among different words that provides a fast
quantum search of meanings.
7 Acknowledgments
I am extremely grateful to Augusto Smerzi for critical remarks and helpful
suggestions. I am indebted to Alessandro Farini, with whom I am exploring
different experimental implementations of self-interference
References
[1] F Tito Arecchi. Phenomenology of consciousness: from Apprehension to
Judgment. Nonlinear Dynamics, Psychology and Life Sciences, 15:359–375,
2011.
[2] Stephen Grossberg. The attentive brain. American Scientist, pages 438–
449, 1995.
11
[3] Daniel Kersten, Pascal Mamassian, and Alan Yuille. Object perception as
Bayesian inference. Annu. Rev. Psychol., 55:271–304, 2004.
[4] Konrad P. Ko¨rding and Daniel M. Wolpert. Bayesian decision theory in
sensorimotor control. Trends in Cognitive Sciences, 10(7):319–326, jul 2006.
[5] T. L. Griffiths and J. B. Tenenbaum. Optimal Predictions in Everyday
Cognition. Psychological Science, 17(9):767–773, sep 2006.
[6] Eugenio Rodriguez, Nathalie George, Jean-Philippe Lachaux, Jacques
Martinerie, Bernard Renault, and Francisco J Varela. Perception’s
shadow: long-distance synchronization of human brain activity. Nature,
397(6718):430–433, 1999.
[7] John E. Lisman and Ole Jensen. The Theta-Gamma Neural Code. Neuron,
77(6):1002–1016, mar 2013.
[8] F. Tito Arecchi, Alessandro Farini, and Nicola Megna. A test of multiple
correlation temporal window characteristic of non-Markov processes. arXiv
preprint arXiv:1504.07089, 2015.
[9] Ernst Po¨ppel. A hierarchical model of temporal perception. Trends in
Cognitive Sciences, 1(2):56–61, may 1997.
[10] E Poppel. Lost in time: a historical frame, elementary processing units and
the 3-second window. Acta neurobiologiae experimentalis, 64(3):295–302,
2004.
[11] Wilhelm Humboldt. On language: The diversity of human language-
structure and its influence on the mental development of mankind (1836).
Trans. Peter Heath, Cambridge University Press, 1988.
[12] Lov K. Grover. From Schroo¨dinger’s equation to the quantum search algo-
rithm. American Journal of Physics, 69(7):769, 2001.
[13] Seokwon Yoo, Jeongho Bang, Changhyoup Lee, and Jinhyoung Lee. A
quantum speedup in machine learning: finding an N -bit Boolean function
for a classification. New J. Phys., 16(10):103014, oct 2014.
[14] Bernard J Baars. A cognitive theory of consciousness. Cambridge Univer-
sity Press, 1993.
[15] S Dehaene, C Sergent, and JP Changeux. A neuronal network model link-
ing subjective reports and objective physiological data during conscious
perception. Proc Natl Acad Sci U S A, 100:8520–5.
[16] Fred Rieke. Spikes: exploring the neural code. MIT press, 1999.
[17] W Singer and C M Gray. Visual Feature Integration and the Temporal
Correlation Hypothesis. Annu. Rev. Neurosci., 18(1):555–586, mar 1995.
12
[18] F.Tito Arecchi. Chaotic neuron dynamics synchronization and feature bind-
ing. Physica A: Statistical Mechanics and its Applications, 338(1-2):218–
237, jul 2004.
[19] Thilo Womelsdorf and Pascal Fries. The role of neuronal synchronization
in selective attention. Current Opinion in Neurobiology, 17(2):154–160, apr
2007.
[20] Pascal Fries. A mechanism for cognitive dynamics: neuronal communica-
tion through neuronal coherence. Trends in Cognitive Sciences, 9(10):474–
480, oct 2005.
[21] Pascal Fries, Danko Nikolic´, and Wolf Singer. The gamma cycle. Trends
in Neurosciences, 30(7):309–316, jul 2007.
[22] Ole Jensen and Laura L. Colgin. Cross-frequency coupling between neu-
ronal oscillations. Trends in Cognitive Sciences, 11(7):267–269, jul 2007.
[23] F Tito Arecchi. Chaotic neuron dynamics, synchronization, and feature
binding: quantum aspects. Mind and Matter, 1(1):15–43, 2003.
[24] F Tito Arecchi. Uncertainty Domains Associatedwith Time Limited Per-
ceptual Tasks: Fuzzy Overlaps or Quantum Entanglement? In Decoherence
and Entropy in Complex Systems, pages 327–340. Springer, 2004.
[25] Richard P Feynman, Robert B Leighton, and Matthew Sands. The Feyn-
man Lectures on Physics, Desktop Edition Volume III Chapter 1, volume 3.
Basic Books, 2013.
[26] D. Debanne, E. Campanac, A. Bialowas, E. Carlier, and G. Alcaraz. Axon
Physiology. Physiological Reviews, 91(2):555–602, apr 2011.
[27] Max Tegmark. Importance of quantum decoherence in brain processes.
Physical Review E, 61(4):4194–4206, apr 2000.
[28] Christof Koch and Klaus Hepp. Quantum mechanics in the brain. Nature,
440(7084):611–611, mar 2006.
[29] Robert Raussendorf and Hans J. Briegel. A One-Way Quantum Computer.
Phys. Rev. Lett., 86:5188–5191, May 2001.
[30] HJ Briegel, DE Browne, W Du¨r, R Raussendorf, and Maarten Van den
Nest. Measurement-based quantum computation. Nature Physics, 5(1):19–
26, 2009.
[31] Antonio R Damasio. The feeling of what happens: Body and emotion in
the making of consciousness. Random House, 2000.
[32] Raymond W Gibbs Jr. Embodiment and cognitive science. Cambridge
University Press, 2005.
13
[33] Semir Zeki and John Nash. Inner vision: An exploration of art and the
brain, volume 415. Oxford University Press Oxford, 1999.
[34] Diedrik Aerts and Sven Aerts. Applications of quantum statistics in psy-
chological studies of decision processes. Found Sci, 1(1):85–97, mar 1995.
[35] Diederik Aerts. Quantum structure in cognition. Journal of Mathematical
Psychology, 53(5):314–348, oct 2009.
[36] Andrei Khrennikov. Ubiquitous quantum structure: from Psychology to
Finance. Springer, 2010.
[37] Jerome R Busemeyer and Peter D Bruza. Quantum models of cognition
and decision. Cambridge University Press, 2012.
[38] Roger Penrose. Shadows of the Mind, volume 52. Oxford University Press
Oxford, 1994.
[39] Scott Hagan, Stuart R Hameroff, and Jack A Tuszyn´ski. Quantum compu-
tation in brain microtubules: Decoherence and biological feasibility. Phys-
ical Review E, 65(6):061901, 2002.
14
